The ovarian surface epithelium (OSE) plays pivotal roles during ovulation and postovulatory wound repair. In this paper we describe the proliferative activity of the OSE through the estrous cycle in adult cycling rats, by immunohistochemical detection of DNA-incorporated bromodeoxyuridine (BrdU). Immunohistochemical detection of estrogen receptor a (ERa) and progesterone receptor was also performed. The cycle of the OSE consists of a proliferative phase (that lasts for two consecutive estrous cycles) and a quiescent phase of variable duration. Cyclic changes in the OSE were related to the underlying ovarian structure. OSE areas covering growing follicles entered into the proliferative phase during the transition from proestrus to estrus, with the appearance of fast-growing class 1 follicles, destined to ovulate at the end of the current estrous cycle. A labeling index (after pulse-labeling BrdU treatment) of about 7% was maintained throughout the estrous cycle in parallel to follicle growth. Cumulative BrdU-labeling (after daily BrdU treatment) indicated that about 1/3 of the total OSE cell proliferation was related to follicle growth. Following ovulation, OSE cells covering newly-formed corpora lutea showed a labeling index of about 50% that decreased through metestrus and diestrus (about 13% and 3%, respectively), returning to basal levels by proestrus. Cumulative BrdU-labeling indicated that about 2/3 of the total proliferative activity was related to ovulation repair/luteinization. The remaining OSE covering ovarian stroma or structurally regressing corpora lutea of previous cycles showed negligible BrdU labeling. The equivalent proliferative activity found in the OSE covering newly-formed corpora lutea in indomethacin-treated rats lacking rupture of the OSE at the apex, demonstrated that ovulation-triggered proliferation was not dependent on the loss of integrity of the OSE at the ovulation site. OSE cells expressed ERa throughout the cycle, but no differential expression was found between proliferating and quiescent OSE areas. On the contrary, OSE cells did not express PR at any time of the cycle. These data indicate the existence of a cycle of the OSE, related to the cyclic changes in the underlying ovarian structure and strongly suggest that the proliferative activity of the OSE is regulated by local microenvironmental rather than by systemic factors. 
Introduction
The ovary is surrounded by a layer of cells supported by a basal lamina, that constitutes the OSE. The OSE is embryologically derived from the celomic epithelium and varies morphologically from simple squamous to cuboidal to pseudostratified columnar (Auersperg et al. 2001) . Due to its inconspicuous appearance in histological sections and to the apparent lack of significant functions, the OSE has received less attention than other ovarian tissue compartments. Aside from the growing interest when it became apparent that almost 90% of ovarian cancers (the most lethal among gynecological malignancies) arise from the OSE (Godwin et al. 1993 , Auersperg et al. 2001 , initial interest in the OSE was due to its participation in ovulation. As follicle rupture occurs at the apex -that is at the follicle side facing the ovarian surface -local disruption and subsequent repair of the OSE has to occur during ovulation. However, the role of the OSE in ovulation is still controversial. Although early studies proposed an active role for the OSE in the ovulatory process (Bjersing and Cajander 1975) , this notion was discounted thereafter by the observation that ovulation still occurred in some rabbit follicles after OSE scrapping (Rawson and Espey 1977) . However, more recent studies strongly suggest that the OSE plays an active role in ovulation, participating in the proteolytic breakdown of the basement membrane and the ovarian tunica albuginea (Murdoch and McDonnel 2002) , thus contributing to the spatial targeting of follicle rupture at the apex (Gaytán et al. 2003) .
As OSE rupture is an obligate component of ovulation, proliferation of OSE cells plays a pivotal role during ovulatory wound repair. Reparative mitogenic activity of OSE cells is currently considered as a main factor favouring accumulation of mutagenic events leading to OSE cell transformation and ovarian cancer (Murdoch et al. 2001, Murdoch and McDonnel 2002) . In this context, knowledge of the mechanisms regulating OSE cell proliferation is essential to the understanding of OSE biology either in physiological or pathophysiological conditions. In spite of its morphological simplicity, recent studies have pointed out the complexity of OSE cell biology and functional regulation (Auersperg et al. 2001) . As the ovary is under the control of gonadotropins and steroids, these hormones are strong candidates to regulate the OSE. The potential for gonadotropins and steroids to regulate OSE cell proliferation is suggested by the demonstration of receptors for these hormones in the OSE of several species (HildPetito et al. 1988 , Zheng et al. 1996 , Pelletier et al. 2000 , Kuroda et al. 2001 , Okada et al. 2002 , although interspecies variations have been reported (Hess et al. 1999 , Pelletier et al. 2000 . In general, in vivo studies have reported that gonadotropins (Davies et al. 1999 , Hess et al. 1999 , Stewart et al. 2004 ) and estrogens (Adams and Auersperg 1983, Bai et al. 2000) stimulate OSE cell proliferation. However, in vitro studies have provided variable results. Whereas some studies have reported that gonadotropins and estrogens stimulate the proliferative activity of OSE cells in culture (Bai et al. 2000, Murdoch and van Kirk 2002) , other studies having found a lack of mitogenic effects of gonadotropins and steroids in isolated OSE cells (Karlan et al. 1995 , Syed et al. 2001 , Wright et al. 2002 , suggested that the effects of gonadotropin and estrogens could be mediated by the local release of growth-promoting factors.
Most in vivo studies have explored the proliferative activity of the OSE at the follicle apex, in relation to ovulation wound repair (Osterholzer et al. 1985 , Beller et al. 1995 , or after gonadotropin stimulation (Beller et al. 1995 , Davies et al. 1999 , Stewart et al. 2004 . However, the proliferative activity of the OSE throughout the estrous cycle has received little attention, and a comprehensive view of the cyclic changes in the OSE is lacking. In order to examine further the regulation of the OSE cell proliferation, we analysed the proliferative activity of the OSE in adult cycling rats, in relation to the main ovarian reproductive events, such as follicle growth, ovulation, luteogenesis and luteolysis. We describe herein cyclic changes in the proliferative activity of OSE cells, related to the cyclic changes in the underlying ovarian structure, by using immunohistochemical detection of DNA-incorporated bromodeoxyuridine, as a marker of OSE cell proliferation, as well as the expression of ERa and progesterone receptor (PR) in OSE cells throughout the estrous cycle.
Materials and Methods

Animals and drugs
Adult cycling Wistar rats were used. The animals were maintained under controlled light (14 h light/10 h darkness) and temperature (22 8C) conditions and had free access to pelleted food and tap water. The estrous cycle was monitored by taking daily vaginal smears. Only rats displaying at least two consecutive four-day estrous cycles were used. The experiments were carried out in agreement with the National Institute of Health's Guide for the Care and Use of Laboratory Animals and were approved by the ethic committee of the University of Cordoba. Bromodeoxyuridine and indomethacin (Sigma Chemical Co., St Louis, MO, USA) as well as monoclonal antibodies against BrdU (Dako Diagnostica, Hamburg, Germany), ERa (Dakocytomation, Glostrup, Denmark) and PR (Immunotech, Marseille, France) were used.
Experimental designs
BrdU pulse-labeling during the estrous cycle and pregnancy Cycling rats in the different stages of the estrous cycle (five animals per group) were used. One hour before death, the animals were injected ip with 0.5 mg/Kg bw of BrdU in 0.1 M Tris-HCl buffer (pH 7.2). Animals were killed by decapitation at 02:00, 07:00 and 12:00 h in estrus, at 09:00 h in metestrus and diestrus, and at 09:00, 18:30 and 21:00 h in proestrus. The ovaries, including ovarian bursa and periovarian fat pad were removed and fixed for at least 24 h in Bouin-Hollande's fluid before being processed for paraffin embedding. Some additional rats (3 per time point) were injected with BrdU as in the previous experiment on days 6, 12, 15, and 21 of pregnancy (the first day in which sperm was found in vaginal smears was considered as day 1 of pregnancy), and the ovaries were processed as described above.
Indomethacin-treated cycling rats
Adult cycling rats were injected with 1 mg/Kg bw of indomethacin or vehicle (olive oil) at 12:00 h on the morning of proestrus, and killed at 09:00 h on the day of estrus. This dosage and time schedule have been previously reported to induce aberrant ovulations, and several types of newly-formed corpora lutea showing ruptured or unruptured OSE can be found (Gaytán et al. 2003) . One hour before death, the animals received an ip injection of BrdU as in previous experiments. The ovaries of five animals per group were processed as described above.
Cumulative BrdU-labeling
In order to analyse the cumulative proliferative activity related to follicle growth and ovulation repair/luteinization, cycling rats (5 animals) were injected daily with 0.5 mg/Kg bw of BrdU at 11:00 h from estrus to proestrus. To avoid repetitive ip injections, BrdU was administered subcutaneously. The animals were killed at 12:00 h in proestrus, and the ovaries processed for paraffin embedding.
Histological procedures and determination of the labeling index
The ovaries were serially sectioned (5 mm thick) and placed on poly-L-lysine-coated slides. Unstained slides showing growing follicles, preovulatory follicles, or corpora lutea of the current cycle were selected for inmunohistochemistry. The OSE was divided into three areas: i) OSE covering growing follicles from class 1 onward (. 275 mm in diameter), ii) OSE covering corpora lutea of the current cycle, and iii) OSE covering ovarian stroma, including regressing corpora lutea of previous cycles and follicles smaller than class 1. Additionally, the epithelium of the inner aspect of the ovarian bursa, representing extraovarian mesothelium was also scored. In each day of the cycle five different follicles or corpora lutea per rat, and at least five sections per follicle/corpora lutea were immunostained and used for labeling index determination. In pregnant rats, OSE covering corpora lutea of pregnancy (five corpora lutea per rat and five sections per corpus luteum) where analysed. In indomethacin-treated rats, two types of newly formed corpora lutea were found; corpora lutea showing rupture at the apex, and corpora lutea lacking rupture or ruptured at the basolateral sides. Both of these types of corpus lutea showed unruptured OSE (Gaytán et al. 2003) . At least 3 different corpora lutea of each type per rat and five sections per corpus lutea were inmmunostained and used for labeling index determination. The integrity of the OSE in unruptured or abnormally ruptured follicles was confirmed by exhaustive examination of the remaining serial sections stained with hematoxylin and eosin. In rats injected daily with BrdU (cumulative BrdU-labeling), the OSE covering preovulatory follicles (showing cumulative labeling related to follicle growth during the cycle) and the OSE covering carpora lutea of the current cyle (showing cumulative labeling related to ovulation repairing during luteinization) were considered. Five preovulatory follicles and corpora lutea per rat and five sections per follicle or corpus luteum were immunostained. The labeling index was determined by counting the number of OSE cells (labeled and unlabeled) in each OSE area, with the £ 100 objective, and expressed as the percentage of labeled OSE cells. Statistical analysis was performed by the Student-ttest or ANOVA followed by the Student-Newman-Keuls method for multiple comparison among means. Significance was considered at the P # 0.05 level.
Immunohistochemistry of DNA-incorporated BrdU
DNA-incorporated BrdU was detected by immunohistochemistry with monoclonal anti-BrdU antibodies, following previously described methods (Gaytán et al. 1996) . Briefly, DNA denaturation was carried out by incubating the sections with 0.5N HCl in 0.05 M PBS for 10 min at 4 8C and with 2N HCl in 0.05 M PBS for 10 min at room temperature. After washing and rehydration, the sections were incubated overnight with the anti-BrdU antibody (1:800) and thereafter, processed by the avidin-biotin-peroxidase complex method (Vector, Burlingame, CA, USA) following manufacturers intructions.
Immunohistochemistry of estrogen receptor a (ERa) and progesterone receptor Two cycling rats per day of the estrous cycle were killed at 10:00 h. Two additional rats were killed at 21:00 h on the evening of proestrus, after the preovulatory luteinising hormone surge, to study transient expression of PR in preovulatory follicles (Park and Mayo 1991) . The ovaries were fixed in 4% buffered formaldehyde and embedded in paraffin. Immunostainings were performed in dewaxed and hydrated 3 mm-thick sections. Previous immunocytochemical and in situ hybridization studies have reported that the rat ovarian surface epithelium express ERa, but not ERb (Sar and Welsch 1999, Pelletier et al. 2000) . For the study of ERa expression, the monoclonal mouse antihuman ERa, clone 1D5 (Dakocytomation, Glostrup, Denmark) diluted 1:50, and the LSAB þ technique (Dakocytomation, Glostrup, Denmark) were used, following manufacturers instructions. For the study of PR expression, the monoclonal mouse anti-human PR clone PR10A9 (Immunotech, Marseille, France) diluted 1:8000, and the Avidin Biotin Peroxidase complex (ABC) technique (Vector, Burlingame, CA, USA) were used. This PR antibody reacts with both PRA and B subtypes (Szekeres et al. 1994) . Following previously established criteria (Sán-chez-Criado et al. 2004) , several dilutions of the PR10A9 monoclonal antibody were tested in the ovary and in simultaneously processed tissue samples of the rat uterus, these were used as positive controls (data not shown). The optimal dilution was established at 1:8000 because it gave the highest intensity of nuclear staining with the lowest background and cytoplasmic staining, since only nuclear immunostaining was considered as specific. Substitution of the specific primary antibodies by mouse ascitic fluid at the same dilution as the specific primary antibodies, where used as a negative control. Counterstaining was performed with Mayer's hematoxylin.
Results
BrdU pulse-labeling during the estrous cycle and pregnancy
The OSE covering ovarian stroma, including small growing follicles and structurally regressing corpora lutea, showed negligible BrdU labeling (Fig. 1a) . Labeled cells were only occasionally found (labeling index , 0.1%) and counts were not performed. In those areas covering regressing corpora lutea of the previous cycle, still
The cycle of the OSE 313 protruding in the ovarian surface, OSE cells range from flat to cuboidal. In areas covering ovarian stroma or advanced regressing corpora lutea, OSE cells showed variable morphology, ranging from cuboidal to columnar (Fig. 1a) . BrdU-labeled cells were also extremely scarce in the extraovarian mesothelium of the ovarian bursa.
An obvious increase in the number of BrdU-labeled cells in the OSE covering growing follicles, occurred www.reproduction-online.org during the transition from proestrus to estrus. On the morning of estrus, the OSE covering class 1 follicles showed a labeling index of about 6% (Figs 1b, and 2) that remained nearly constant throughout follicle growth during metestrus (covering follicle classes 2 and 3), diestrus (covering class 4 follicles), the morning of proestrus (covering class 5 follicles), and at 18:30 h on the evening of proestrus (covering preovulatory follicles) (Figs 1c and  2) . A slight, but significant, decrease in the labeling index was found at 21:00 h on the evening of proestrus (Fig. 2) , after the preovulatory luteinising hormone surge, that happens at about 18:30 h in our colony (Gaytán et al. 1997) .
The labeling index increased again in early estrus (at 02:00 h) inmediately before ovulation (Figs 1d, and Fig.  2 ). After ovulation, the OSE covering newly formed corpora lutea showed abundant labeled cells during estrus (Figs 1e,f and Fig. 3 ). Proliferative activity was not limited to the edges of the rupture site, but affected the whole contour of the corpus luteum. The labeling index was about 50% (Fig. 3) in estrus, showed significant decreases during metestrus ( Fig. 1g and Fig. 3 ) and diestrus (13% and 3%, respectively) returning to basal levels by proestrus (Fig. 3) . The rupture site was covered by epithelium by diestrus. During follicle growth and luteinization, OSE cells progressively changed from cuboidal (covering small follicles) to flat (covering corpus luteum). During pregnancy, the OSE showed extremely flat cells while BrdUlabeled cells were only occasionally found.
Indomethacin-treated rats
The OSE covering newly formed corpora lutea in indomethacin-treated rats showed abundant BrdU-labeled cells on the morning of estrus (Figs 4a,b,c) , and the labeling index (about 50%) was equivalent to that of vehicletreated rats, irrespective of the occurrence of rupture or not of the OSE (Figs 4a,b,c and Fig. 5 ).
Cumulative BrdU-labeling
On the morning of proestrus, the OSE covering preovulatory follicles showed abundant BrdU labeled cells (Fig.  4d) . The labeling index, as an estimate of the cumulative proliferative activity related to follicle growth during the estrous cycle, was about 33% (Fig. 6 ). Most epithelial cells in the OSE covering corpus luteum of the current cycle were BrdU-labeled (Figs 4e,f) . The labeling index, as an estimate of the cumulative proliferative activity related to ovulation rupture repair/luteinization, was about 75% (Fig. 6) . Otherwise, the number of BrdU labeled cells in the OSE covering the ovarian stroma, as well as in the extraovarian epithelium of the ovarian bursa, was negligible (Figs 4d,e).
Immunohistochemistry of ERa and PR
In the ovary of cycling rats, ERa immunoreactivity was observed in the nuclei of the theca of growing follicles, interstitial gland and OSE (Fig. 7a) throughout the estrous cycle, whereas granulosa cells and corpora lutea were negative. Immunostaining of the OSE was not regionalized, and the nuclei of OSE cells were evenly immunostained in both proliferating and quiescent areas. On the contrary, PR immunoreactivity was absent in the rat ovary, except at 21:00 h on the evening of proestrus, when intense immunostaining was observed in the granulosa cells of preovulatory follicles (Fig. 7b) . This, together with initial preovulatory changes such as cumulus dispersion and edematization of the apex, gave evidence for the occurrence of a previous preovulatory LH surge. However, OSE cells covering preovulatory follicles remained negative for PR (Fig. 7b ).
Discussion
The OSE shows local variations in its morphology and proliferative activity, related to the cyclic changes in the underlying ovarian structure. The data of this study allow the proposal and characterization of a cycle of the OSE outlined in Fig. 8 . Consequently, three different areas of the OSE, showing relevant differences in its morphology, Figure 2 Labeling index of the OSE covering growing and preovulatory follicles during the estrous cycle, after pulse-labeling BrdU treatment. Significant differences (P , 0.05) vs the previous value; ANOVA and Student-Newman-Keuls method for n ¼ 5. Figure 3 Labeling index of the OSE covering newly-formed corpora lutea during the estrous cycle, after pulse-labeling BrdU treatment. The labeling index of the OSE covering preovulatory follicles immediately before ovulation (at 02:00 h in estrus) is also indicated as a reference. Significant differences (P , 0.05) vs the other groups; ANOVA and Student-Newman-Keuls method for n ¼ 5. proliferative activity and probably, in other functional characteristics, are present at any time of the estrous cycle: i) the OSE covering growing follicles, ii) the OSE covering CL of the current cycle, both in the proliferative phase, and iii) the remaining OSE in the quiescent phase. The dependence of the morphological features and proliferative activity of the OSE on the underlying ovarian structure, strongly suggests that its functional status is dependent on local microenviromental rather than on systemic factors. This could explain, at least in part, the controversial data about the effects of reproductive hormones on OSE proliferative activity in in vivo vs in vitro studies. 
M Gaytán and others
Whereas in vivo studies have reported that gonadotropic hormones affect OSE cell proliferation (Bai et al. 2000, Murdoch and van Kirk 2002) , some in vitro studies with isolated OSE cells have found a lack of mitogenic effects of gonadotropic hormones (Wright et al. 2002) . The data of this study suggests that local factors, most likely released by growing follicles and corpora lutea, are those stimulating OSE cell proliferation. In this context, it can be expected that isolated OSE cells are unresponsive to reproductive hormones, just as the in vivo OSE in areas covering regressing corpora lutea or ovarian stroma. Several growth factors such as hepatocyte growth factor (HGF) (Hess et al. 1999) , and stem cell factor (SCF) (Parrot et al. 2000) , have been reported to regulate OSE cell proliferation in vitro. The expression of receptors for these growth factors in the OSE (Hess et al. 1999 , Parrot et al. 2000 , suggests that autocrine and paracrine routes are likely to be involved. Steroid hormones released by the follicle and/or the corpus luteum are strong candidates for factors which regulate the proliferative activity of OSE cells. In general, like in many other tissues, several studies have reported that estradiol stimulates OSE cell proliferation van Kirk 2002, Ho 2003) , whereas progesterone has been reported to inhibit estrogen-mediated OSE cell proliferation (Murdoch & van Kirk 2002) . The proposed inhibitory effects of progesterone are in line with the low proliferative activity of OSE cells found in this study during pregnancy. However, due to the existence of OSE areas showing different proliferative activity at the same phase of the estrous cycle, a clear correlation between serum hormone concentrations and OSE cell proliferation cannot be established from the present data. Additional studies involving supplementation/supression of steroid hormones are needed to achieve definitive conclusions. In spite of the abundant data in the literature, it is unclear whether estradiol and progesterone effects on the OSE are direct or mediated by local factors. Interestingly, the proliferative response of OSE cells to estrogen is enhanced when epithelial cells are grown together with ovarian stromal cells (Bai et al. 2000) , suggesting the existence of stromal-epithelial interactions. Moreover, it has been reported that estrogens do not have mitogenic effects on isolated OSE cells (Karlan et al. 1995 , Wright et al. 2002 . In this study, immunostaining of OSE cells for ERa was not regionalized, and the expression of ERa was equivalent (at least qualitatively) in both proliferating and quiescent areas. This suggests that the proposed effects of estrogens on OSE cell proliferation are mediated by local microenvironmental factors. Similarly, the absence of PR expression in the rat OSE strongly suggests that the proposed progesterone effects on OSE cell proliferation are indirect. However, the possibility of non-genomic responses to steroid hormones, independent of classic genomic steroid receptors (Bramley 2003 ) cannot be discarded.
Some previous studies have analysed the proliferative activity of the OSE in immature gonadotropin-primed rats and mice (Beller et al. 1995 , Hess et al. 1999 . It is worthy to note that in immature animals, the development of a large cohort of follicles (about 50) and subsequent corpora lutea is stimulated by equine chorionic gonadotrophin (eCG) and human chorionic gonadotrophin (hCG) treatment. In addition, the ovary considerably enlarges as a consequence of superovulation. Accordingly, large areas of the OSE should enter into the proliferative phase in immature gonadotropin-primed rats. This would likely lead to overestimation of the proliferative response of the OSE to gonadotropin treatment when compared with adult cycling rats, and could mask the existence of quiescent, non-proliferating areas. In adult animals, the increasing volume of growing follicles and newly formed corpora lutea is compensated by the loss of volume of several Figure 5 Labeling index of the OSE covering newly-formed corpora lutea in estrus, after pulse-labeling BrdU treatment in rats treated with vehicle or indomethacin. Empty bars correspond to corpora lutea with rupture at the apex, whereas the filled bar corresponds to corpora lutea without rupture of the OSE. Figure 6 Cumulative labeling index of the OSE covering preovulatory follicles (related to follicle growth) or corpora lutea of the current cycle (related to ovulation repair) in proestrus. (P , 0.01, Student t-test for n ¼ 5). generations of regressing corpora lutea of previous cycles, this occurs at each transition from proestrus to estrus, triggered by the preovulatory PRL surge. In this way, the ovarian volume, and hence the ovarian surface, does not undergo significant changes throughout the estrous cycle. The data of this study question the fate of OSE cells throughout the estrous cycle. As the ovarian surface did not show relevant changes throughout the cycle, a mechanism responsible for the elimination of OSE cells should exist to compensate for the abundant OSE cell proliferation. The only obvious mechanism for OSE cell deletion, the demise of cells at the rupture site during ovulation (affecting a small area with respect to the preovulatory follicle protrusion) is likely outnumbered by the proliferative activity of OSE cells before and after OSE rupture, involving the whole follicle/corpus luteum contour facing the ovarian surface. In this study, the presence of apoptotic cells was estimated by morphological criteria. We have previously reported (Gaytán et al. 1998 ) that no significant differences exist for counts of apoptotic cells between morphological evaluation and immunostained cells with the TdT-mediated dUTP digoxigenin nick end labelling Figure 7 Immunohistochemical detection of ERa (a) and PR (b) in the ovary of cycling rats, at 10:00 h in diestrus (a) and at 21:00 h in proestrus (b). ERa immunoreactivity can be observed in the nuclei of the theca, interstitial gland and OSE, whereas the granulosa and the corpus luteum are negative. Nuclear immunostaining of OSE cells is shown at higher magnification in the inset, corresponding to the framed area in (a). Intense PR immunoreactivity can be observed exclusively in the nuclei of granulosa cells in preovulatory follicles. The edematized area at the apex (asterisks) shows non-specific staining. Negative OSE cell nuclei are shown at higher magnification in the inset, corresponding to the framed area in (b) (Hematoxylin counterstaining).
3 Figure 8 Schematic drawing of the cycle of the OSE. The cycle consists of two phases: a proliferative phase and a quiescent phase. The proliferative phase lasts for two estrous cycles in parallel to the development of the follicle-corpus luteum unit. During the first estrous cycle, OSE cells covering growing follicles enter into the proliferative phase in coincidence with the appearance of class 1 follicles during the transition from proestrus to estrus. These follicles are those destined to ovulate at the end of the current estrous cycle. A nearly constant labeling index of OSE cells of about 7% is maintained from estrus to the evening of proestrus, in parallel to follicle growth from class1 to class 5 (preovulatory) follicles (epithelial cells with filled nuclei correspond to proliferating cells). About 1/3 of the total proliferative activity occurs during the first estrous cycle, in relation to follicle growth. During the second estrous cycle, rupture of the OSE at the site of ovulation occurs on early estrus. This is followed by an intense proliferative activity in the OSE covering the newly-formed corpus luteum during estrus (labeling index of about 50%), that decreased thereafter during metestrus (labeling index of about 15%) and diestrus (labeling index of about 3%), and falling to basal levels by proestrus. About 2/3 of the total proliferative activity occurs during the second estrous cycle, in relation to ovulation repair/luteinization. During the proliferative phase, the shape of OSE cells progressively changes from cuboidal to flat. The transition from proestrus to estrus marks the beginning of the quiescent phase, which lasts for a variable number of estrous cycles depending on the eventual recruitment of new growing class 1 follicles in that area. The proliferative activity is negligible, and the shape of OSE cells progressively changes from flat to cuboidal or columnar. If pregnancy occurs, the quiescent phase is enlengthened, as no significant proliferative activity is associated to the development of the CL of pregnancy. Epithelial cells are eliminated by apoptosis (cells with fragmented nuclei) at the site of rupture and possibly, at a low rate during the quiescent phase. (TUNEL) method in the ovary. In the present study, apoptotic figs were extremely scarce on histological examination. Possibly, apoptotic cells are exfoliated to the bursal cavity and phagocytosed by resident peritoneal macrophages. Although definitive conclusions cannot be achieved from the present data, we propose herein that cell loss by low rate apoptosis during the quiescent phase should be the mechanism compensating OSE cell proliferation. Progesterone and estradiol have been reported to modulate OSE cell apoptosis (Murdoch & van Kirk 2002 , Ho 2003 , although the in vivo regulation of OSE cell apoptosis is not fully understood.
As rupture of the OSE at the apex is an obligate component of ovulation, most attention on the OSE proliferative activity has been devoted to ovulatory wound repair. However, the data of this study indicate that a substantial part of the total OSE proliferation was previous to ovulation rupture, and related to follicle growth. Although not mutually exclusive, the 'incesant ovulation' (Fathalla 1971) and 'gonadotropin stimulation' (Cramer and Welch 1983) hypotheses (considering ovulatory wound repair and gonadotropin stimulation, respectively, as the main factors favouring mutagenic events) have been independently considered. The data of this study are consistent with both hypotheses. Data from cumulative BrdU-labeling indicate that about 1/3 of the total OSE cell proliferation was related to follicle growth (therefore indirectly related to gonadotropin-dependent follicle growth), and about 2/3 to ovulation repair/luteinization.
Prostaglandins are essential factors during the ovulatory process (Tsafriri et al. 1993 ) and some of the changes that happen in the OSE during ovulation have been reported to be mediated by prostaglandins (Ackerman and Murdoch 1993, Gaytán et al. 2002) . In this context, we analysed the proliferative response of the OSE after ovulation in rats treated with indomethacin. The equivalent proliferative activity of OSE cells in vehicle or indomethacin-treated rats indicates that post-ovulatory proliferative activity of OSE cells was neither mediated by prostaglandins, nor affeted by indomethacin treatment through prostaglandin-independent routes. Data from indomethacin-treated rats also provided information on the mechanism of OSE cell proliferation at the site of ovulation. Although rupture of the integrity of the OSE has been considered as the main factor determining OSE cell proliferation after ovulation, the data of this study indicate that ovulation-triggered OSE cell proliferation was not directly due to the occurrence of rupture of the OSE but to ovulation-related events, as indicated by the similar proliferative activity in newly-formed corpora lutea, in which rupture at the apex did not occur. It is also supported by the extent of the proliferative activity that was not limited to the edges of the rupture sites, but affected the whole corpus luteum contour.
In summary, the existence of local changes in the morphology and proliferative activity of the OSE, related to cyclic changes in the underlying ovarian structure, demonstrates the existence of a cycle of the OSE, and suggest that the functional status of OSE cells is regulated by local microenviromental, rather than by systemic factors.
